Introduction
Massive proteinuria is often associated with hypoalbuminaemia in glomerulopathy. The general characteristics of nephrotic syndrome, including heavy proteinuria, hypoalbuminaemia, hyperlipidaemia and oedema, are well recognized. Massive proteinuric primary glomerulopathy consists of a variety of diseases, identified by renal histology, including mainly IgA nephropathy (IgAN) [1] , membranous nephropathy (MN) [2, 3] , minimal-change disease (MCD) [4] , focal segmental glomerulosclerosis (FSGS) [5] , non-IgA mesangial proliferative glomerulonephritis (non-IgA MsPGN) [6] and membranous proliferative glomerulonephritis (MPGN) [7] . To guide the treatment and to predict the outcomes, determining the pathological types of primary glomerulopathy is of great importance. In many circumstances, patients may have normal levels of serum albumin despite of heavy proteinuria [8] . Previous studies have suggested that among patients with nephroticrange proteinuria, normoalbuminaemia is likely to occur in certain types of glomerulopathy, such as FSGS [8] . However, due to factors such as sample size and race difference, results are not consistent [9] . This study analysed factors affecting serum albumin levels in primary glomerulopathy patients with nephrotic-range proteinuria, with special attention paid to different pathological types.
Materials and methods
The renal histopathological data of adult patients (≥18 years old at renal biopsy) with primary glomerulopathy and nephrotic-range proteinuria, i. e. urinary protein ≥3.5 g/24 h, who received native renal biopsies in Peking University First Hospital from 1998 to 2007, were retrospectively analysed. Those who had liver dysfunction, or had secondary or hereditary glomerulopathy, such as Henoch-Schonlein nephritis, HBV-associated glomerulophritis, lupus nephritis, diabetic nephropathy, ANCA-associated glomerulophritis and Alport syndrome, judged by either clinical or pathological data, were excluded. No repeat biopsies were included. Clinical data at the time of renal biopsy, as well as renal pathological data were extracted for analysis.
There were a total of 1036 patients with primary glomerulopathy and nephrotic-range proteinuria (Table 1 ). Since patients with MPGN, crescentic glomerulonephritis, endocapillary proliferative glomerulonephritis and fibrillary glomerulonephropathy constituted only 2.8% (29/1036) of the patients in total, these patients were excluded from further analysis. The constitution of primary glomerulopathy is consistent with our previous analysis [10] . We then further excluded patients who had received immunosuppressive treatment within the previous 3 months before renal biopsy, since immunosuppressive treatment would probably influence the results of proteinuria and serum albumin levels. Therefore, there were a total of 780 patients recruited for further analysis.
Serum albumin was measured by bromocresol green method. Twentyfour-hour urine protein excretion was measured by pyrogallol red method. Agarose gel electrophoresis was performed to determine the composition of urine protein, i.e. the percentage of small-molecular-weight proteins, albumin and high-molecular-weight proteins, according to methods described previously [11] . Briefly speaking, for determination of total protein content in fresh urine specimens, we used the turbidimetric sulphosalicylic acid method. Differential diagnosis of proteinurias was accomplished using the SEBIA Proteinuria gel electrophoresis kit (SEBIA, Issy-lès-Moulineaux, France) according to the manufacturer's instructions. For determination of the molecular weights of proteins, we used SDS-PAGE molecular weight broad range standards from Bio-Rad (Bio-Rad Laboratories, Hercules, CA, USA). These tests were performed by the Department of Clinical Laboratory of our hospital.
Renal biopsy specimens were forwarded to two pathologists. They were examined by light, immunofluorescence and electron microscopy, as previously described [10] . Differences in results between the two pathologists were resolved by re-reviewing the biopsy slides and coming to a consensus. Informed consent was obtained from each patient when renal biopsy was performed. The research was in compliance with the Declaration of Helsinki.
Statistical analysis
Differences of quantitative parameters between groups were assessed using the t-test as appropriate. Differences of qualitative results were compared using chi-square test. The association between different pathological types of glomerulopathy and hypoalbuminaemia was then determined after adjustment for age, gender, hypertension, proteinuria, course of the disease and estimated glomerular filtration rate (eGFR) by multivariate logistic regression analysis, in which the results were expressed as odds ratio (OR) with 95% confidence intervals (CI). Next, the receiver operating characteristic (ROC) curve analysis was employed to determine the specificity and sensitivity for predicting certain type of glomerulopathy, as appropriate. It was considered statistically significant if the P-value was <0.05. Analysis was performed with SPSS statistical software package (version 11.0, Chicago, IL, USA).
Results

General data
Among the 780 patients, 460 were male, and 320 were female, with an average age of 39.9 ± 14.9 (range 18~79) Table 2) .
Difference between patients with and without hypoalbuminaemia
Compared with patients with hypoalbuminaemia, patients without hypoalbuminaemia were younger (age at renal biopsy was 36.8 ± 11.6 vs. 41.0 ± 15.8 years, P < 0.001). Patients without hypoalbuminaemia had significantly lower levels of proteinuria and higher levels of blood pressure than those with hypoalbuminaemia (5.34 ± 2.06 vs. 8.63 ± 4.26 g/24 h, P < 0.001; 133.3 ± 19.0 vs. 124.7 ± 20.8 mmHg, P < 0.001, for systolic blood pressure; 84.8 ± 14.0 vs. 78.7 ± 12.5 mmHg, P < 0.001, for diastolic blood pressure, respectively). Patients without hypoalbuminaemia had significantly lower levels of serum cholesterol than those with hypoalbuminaemia (5.63 ± 1.43 vs. 9.28 ± 3.24 mmol/L). More importantly, patients without hypoalbuminaemia had a significantly higher proportion of IgAN and a lower proportion of MCD and MN than those without (66.0% vs. 17.2%, P < 0.001; 4.4% vs. 33.3%, P < 0.001; 16.7% vs. 32.6%, P < 0.001, respectively) ( Table 3) .
Independent predictors of hypoalbuminaemia in patients with nephrotic-range proteinuria
In the logistic multivariate analysis model, variables assessed as potential predictors included age, gender, hypertension, proteinuria, eGFR, interval between onset of the disease and renal biopsy, and type of glomerulopathy. The independent predictors of hypoalbuminaemia in nephroticrange proteinuria patients included age, gender, interval between onset of the disease and renal biopsy, proteinuria level, and pathological type of glomerulopathy (Table 4) .
Relationship between IgA nephropathy and serum albumin levels
Since we found that among patients with nephrotic-range proteinuria, IgAN were more unlikely to develop hypoalbuminaemia than MCD, MN, FSGS and non-IgA MsPGN, we further analysed the predictive value of serum albumin levels for IgAN. Among these patients, a serum level of albumin ≥ 35 g/L could predict IgAN with a specificity of 95.8%. Moreover, specificity increased with age. Among patients at the age of 18-44.9, 45-59.9 and ≥ 60 years, serum albumin ≥35 g/L could predict IgAN with a specificity of 94.8%, 95.8% and 99.0%, respectively. The sensitivity of serum albumin ≥35 g/L for predicting IgAN was 30.0%. Among patients at the age of 18-44.9, 45-59.9 and ≥60 years, the sensitivity of albumin ≥35 g/L for predicting IgAN were 30.5%, 36.0% and 9.1%, respectively ( Table 5) .
Composition of urine protein in IgAN and glomerulopathy other than IgAN
Since among the patients with nephrotic-range proteinuria normoalbuminaemia is closely associated with IgA nephropathy, we further retrospectively analysed the composition of urine protein in these patients. Among these patients, results of urinary protein electrophoresis were available in 74 patients. In order to exclude selective bias, we compared the general data of these patients with those without results of urinary protein electrophoresis. We found that the two groups of patients matched in age, gender, proteinuria, serum creatinine, serum lipid profiles and type of glomerulopathy (Table 6 ). Therefore, patients with urinary protein electrophoresis data can approximately represent the whole group of patients.
Among the 74 patients with urinary protein electrophoresis data, 18 were diagnosed as IgAN. The proportion 
Discussion
In China, glomerulopathy is still the leading cause of endstage renal disease [12] . In various types of glomerulopathy, including primary glomerulopathy, untreated massive proteinuria is an independent predictor for poor renal outcomes [13] [14] [15] [16] [17] . Treatment for different types of primary glomerulopathy largely relies on pathological types. In patients with nephrotic-range proteinuria, those without hypoalbuminaemia are common in clinical practice, which constitute more than one-fourth of patients who received renal biopsy in the current study. This proportion is lower than some other reports [8] , which might be due to the relatively poor nutritional status in Chinese patients.
The current study first analysed differences between patients with hypoalbuminaemia and without hypoalbuminaemia. It was found that patients without hypoalbuminaemia were significantly younger, had a significantly shorter course of the disease, and had a lower level of proteinuria than those with hypoalbuminaemia. More importantly, the distribution of pathological types is largely different between patients with hypoalbuminaemia and without hypoalbuminaemia. Patients without hypoalbuminaemia had a higher proportion of IgAN and a lower proportion of MCD and MN. This was different from the result found in a study by Gupta et al., demonstrating that as serum albumin increases in the nephrotic syndrome, the proportion of patients with FSGS increases [8] . The most possible reason is that in the study by Gupta et al., a number of nephrotic patients without hypoalbuminaemia were obese, and obesity-associated FSGS are more likely to have normal albumin value [18] . Similar results were also suggested by Praga et al., who found that patients with nephrotic-range proteinuria and normoalbuminaemia were likely to have secondary FSGS [19] . In the current study, patients with obesity-associated FSGS have been carefully excluded, as they were classified as secondary glomeru- lopathy. Another study found that among patients with nephrotic range proteinuria, MCD was more common in patients with hypoalbuminaemia than in patients without [9] . However, this study only enrolled young male patients, and the sample size was somewhat limited (n = 83). Therefore, selection bias could not be excluded.
The most important finding in the current study was that among patients with nephrotic-range proteinuria, normoalbuminaemia was associated with IgA nephropathy, with very high specificity. IgA nephropathy is the most common type of primary glomerulonephritis in the world [20] , and is especially prevalent in Asian countries [16, 21] . The mechanism for the unparalleled level of serum albumin and proteinuria in IgAN is not clear yet. There are three possible reasons. Firstly, it has been found in the current study that compared with patients with primary glomerulonephritis other than IgAN, patients with IgAN had lower levels of proteinuria. However, as shown in the multivariate analysis, the relationship between normoalbuminaemia and IgAN with nephrotic-range proteinuria was independent of proteinuria level. Therefore, lower levels of proteinuria in IgAN could not explain the normoalbuminaemia in IgAN. Secondly, the lower proportion of albumin in urinary protein in patients with IgAN might be a contributor. It has been found in the current study that the proportion of albumin in urinary protein in patients with IgAN tended to be lower than that in patients with primary glomerulopathy other than IgAN, although this was not statistically significant. Thirdly, using albumin labelled with technique (99mTc-albumin), Rostoker et al. found that the capillary permeability was significantly increased in patients with idiopathic membranous nephropathy, FSGS and MCD [22] . Therefore, hypoalbuminaemia in these patients is caused not only by albumin loss in the urine but also by albumin translocation from serum to interstitium. We speculate that capillary permeability in patients with IgAN is not increased, or at least is not increased as high as that in patients with MN, FSGS or MCD, which lead to the frequent normoalbuminaemia despite heavy proteinuria. But it remains to be confirmed by further investigation.
In conclusion, among patients with primary glomerulopathy and nephrotic-range proteinuria, normoalbuminaemia is associated with IgA nephropathy. This might be useful for clinicians when renal biopsy is not available. 
